Improving dermal delivery of hydrophilic macromolecules by biocompatible ionic liquid based on choline and malic acid.
The aim of this work was to develop biocompatible ionic liquids (ILs) for enhancement of dermal delivery of hydrophilic macromolecules. The ILs were prepared from malic acid and choline, which are commonly used as food additives and generally regarded as safe. The choline malate IL (CM-IL) was formed via ionic interactions, which has been validated by Fourier transform infrared spectroscopy and nuclear magnetic resonance. Analysis by differential scanning calorimetry confirmed a melting point of -65.2 °C for CM-IL. In skin penetration study, CM-IL was proved to be able to deliver a model hydrophilic macromolecule dextran into deep skin. The amount of dextran delivered to epidermis and dermis by CM-IL is approximately two folds that of by dextran solution. Enhanced in vivo skin penetration by CM-IL was proved as well. The fluorescence of FITC-dextran could be observed permeating pervasively throughout the skin from 4 h to 24 h, while in the control groups it was mainly concentrated in stratum cornea (SC) and hair follicles. In addition, CM-IL did not shown any irritation to mice skin within 7 days of successive treatment and any toxicity to human epidermal cells (HEK-A) within 24 h. In conclusion, CM-IL could be potentially used as enhancers or vehicles for dermal delivery of hydrophilic macromolecules.